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ABSTRACT
Background: In Iranian ancient medical books, the therapeutic effects of Satureja hortensis
on respiratory diseases have been reported. In order to verify these reports, the relaxant
effect of aqueous-ethanolic extract of Satureja hortensis on guinea pig trachea was
examined.
Methods: The relaxant effects of 6 cumulative concentrations of extract (0.15, 0.3, 0.45,
0.6, 0.75 and 0.9 g %) in comparison with saline and 4 cumulative concentrations of
theophylline (0.15, 0.3, 0.45, and 0.6 mM) by their effects on precontracted tracheal chains
of guinea pig by 10 µM methacholine (group 1) or 60 mM KCl in two different conditions
including: non-incubated tissues (group 2) and incubated tissues with 1 µM propranolol, 1
µM chlorpheniramine and 1 µM atropine (group 3, for each group n=6) were examined.
Results: In group 1, the extract and theophylline showed concentration dependent relaxant
effects compared to that of saline (p<0.05 to p<0.001). In group 2, three last concentrations
of theophylline and four higher concentrations of extract showed significant relaxant effects
compared to that of saline (p<0.05 to p<0.001). The effects of four lower concentrations of
extracts in groups 1 and 2 were significantly lower than those of theophylline (p<0.05
p<0.001). In group 3, the extract did not show any significant relaxant effect. There were
significant correlations between the relaxant effects and concentrations of extract and
theophylline in groups 1 and 2 (p<0.001 for all cases).
Conclusion: These results showed a potent relaxant effect of Satureja hortensis on guinea
pigs trachea which was comparable to that of theophylline.
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INTRODUCTION
Satureja hortensis L. is a grassy and annual plant
which grows in south Europe, central and southwest of Asia countries such as Iran and Siberia.
The leaves are small, narrow and elliptical,
greenish-grey in colors. The flowers terminate the
branches in whorls with white to pale red color.
The leaves and flowers of S. horte have medicinal
properties (1). Main active constituents of this
plant are: thymol, carvacrol, γ-terpinene and
burniol (1-4).
It has been reported in Iranian ancient medical
books that Satureja hortensis has therapeutic
effect on respiratory diseases and has been used
orally to treat exacerbation of asthma and coughs.
In addition, this plant has also been used for
treatment of gastrointestinal disorders. A tonic
property has also been described for this plant (1).
Previous studies have shown antibacterial,
antifungal, and antioxidant activities of the
essential oil and methanolic extracts of herbal
parts and callus cultures of Satureja hortensis (5Correspondence: M-boskabady@mums.ac.ir

7), and antioxidant effect of phenolic (8) and
flavonoid compounds of the plant (9).
Antispasmodic (10,11) and anti-diarrhoeal effects
(11), and anti-HIV activity of the plant (12), and
the benefits of the isolated flavonoids from
Satureja hortensis L. on hypercholesterolemic
rabbits have also been shown (13).
The therapeutic effect of the plant on asthma
could be due to relaxant effect on airway smooth
muscles leading to dilation of the airways. In the
present study, the relaxant effect of aqueousethanolic extract of the leaves of Satureja
hortensis and its possible mechanism(s) on guinea
pig tracheal chains were examined.
MATERIALS AND METHODS
Plant and extracts
Satureja hortensis was Collected from the School
of Pharmacy and identified by Mr. Ahei. A
voucher specimen was preserved in the
Herbarium of the School of Pharmacy, Mashhad
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University of Medical Sciences (Herbarium No:
240-1615-12). The aqueous-ethanolic extract was
prepared as follows: Fifty grams of the chopped,
dried leaves of the plant was extracted with 150
ml distilled water and 150 ml ethanol by soxhlet
apparatus. The solvent of the extract was then
removed under reduced pressure and distilled
water was added so that the plant ingredient
concentration in the final aqueous extract was 10
g % in the extract.
Tissue preparations
Male Dunkin-Hartly guinea pigs (400-700 g) were
killed by a blow on the neck and tracheas were
removed. Each trachea was cut into 10 rings (each
containing 2-3 cartilaginous rings). All rings were
then cut open opposite the tracheal muscle, and
sutured together to form a tracheal chain (14).
Tissue was then suspended in a 10 ml organ bath
(organ bath 61300, Bioscience PalmerWashington, Sheerness, Kent U.K.) containing
Krebs-Henseliet solution of the following
composition (mM): NaCl 120, NaHCO3 25,
MgSO4 0.5, KH2PO4 1.2, KCl 4.72, CaCl2 2.5 and
dextrose 11.
The Krebs solution was maintained at 37oC and
gassed with 95% O2 and 5% CO2. Tissue was
suspended under an isotonic tension of 1 g and
allowed to equilibrate for at least 1 h while it was
washed with Krebs solution every 15 min.
Protocols
The relaxant effects of six cumulative
concentrations of aqueous-ethanolic extract (0.15,
0.3, 0.45, 0.6, 0.75 and 0.9 g %)), four cumulative
concentrations of anhydrous theophylline (Sigma
Chemical Ltd UK) (0.15, 0.3, 0.45, and 0.6 mM)
as positive control, and saline as negative control
(0.1 ml) were examined. An amount of 0.15 ml of
10 g % concentrated aqueous extracts was added
to a 10 ml organ bath respectively six times. For
theophylline, 0.15 ml of 10 mM concentrated
solution was added to organ bath four times. The
consecutive volumes were then added to organ
bath at five minutes intervals.
In each experiment the effect of six cumulative
volumes from the extract, four cumulative
volumes from theophylline, or saline on
contracted tracheal smooth muscle were measured
after exposure of tissue to the solution for 5 min.
A decrease in tone was considered as a relaxant
(bronchodilatory) effect and expressed as positive
percentage change in proportion to the maximum
contraction and an increase in tone was
considered as a contractile (bronchoconstrictory)
effect, which was expressed as negative
percentage change (15).
The relaxant effect of different solutions was
examined with three different experimental
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designs as follows:
1. On non-incubated tracheal chains contracted
by 10 µM methacholine hydrochloride (Sigma
Chemical Ltd UK), (group 1).
2. On tracheal chains contracted by 60 mM KCl
(group 2).
3. On incubated tracheal chains with 1 µM
propranolol hydrochloride (Sigma Chemical
Ltd UK) and 1 µM chlorpheniramine maleate
(Sigma Chemical Ltd UK) and 1 µM atropine
sulfate (Sigma Chemical Ltd UK) 30 min
prior to beginning and during testing of
relaxation of different solutions. In this series
of experiments, tracheal chains were also
contracted by 60 mM KCl (group 3).
The relaxant effect of theophylline was examined
only on groups1 and 2. The relaxant effects in
three groups of experiments were examined in
three different series of tracheal chains (n=6 for
each group). Experiments were performed
randomly within a 1 h resting period of tracheal
chains between each two experiments while
washing the tissues every 15 min with Krebs
solution. In all experiments responses were
recorded on a kymograph (ET8 G-Boulitt, Paris)
and were measured after fixation.
Statistical analysis
All data were expressed as mean±SEM. Data of
relaxant effects of different concentrations of
extract were compared with the results of negative
and positive control using ANOVA. The data of
relaxant effect obtained in three groups of
experiments were also compared using ANOVA.
The relaxant effect of extract and theophylline
were related to the concentrations using least
square regression. Significance was accepted at
p<0.05.
RESULTS
Relaxant (bronchodilatory) effects
In groups 1 extract from Satureja hortensis and
theophylline showed relatively potent and
concentration-dependent relaxant effects on
tracheal chains of guinea pig. The relaxant effects
of all concentrations of extract and theophylline
were significantly higher than those of saline
(p<0.01 to p<0.001), (Table 1). The effects of four
lower concentrations of extract in the group 1
were significantly lower than those of
theophylline (p<0.05 o p<0.01), (Table 1).
In group 2 experiments, 3 last concentrations of
theophylline and 4 higher concentrations of
extract showed significant relaxant effects
compared to those of saline (p<0.05 to p<0.001).
The effects of four lower concentrations of aqueous extract were significantly lower than those of
theophylline (p<0.05 to p<0.001). (Table 2).
In group 3, the extract of Satureja hortensis did
not show any significant relaxant effect in
comparison with saline (Table 3).
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Comparison of the relaxant effects between three
groups of experiments
The relaxant effects of most concentrations of
extract in groups 1 and 2 were statistically greater
than those of group 3 experiments (p<0.01 to
p<0.001). The relaxant effects of most
concentrations of extract in group 1 were also
significantly higher than those of group 2 (p<0.05
to p<0.001), (Fig. 1b). In addition, there were no
significant differences in the effect of all
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concentrations of theophylline between groups 1
and 2 (Fig. 1a).
Correlation between concentrations of solutions
and their relaxant effects
There were significant positive correlations
between the relaxant effects of extract and
theophylline with solutions of different
concentrations in groups 1 and 2 of experiments
(p<0.001 for all cases), (Table 4).

Table 1. Relaxant effects of aqueous-ethanolic extract of Satureja Hortensis in comparison with negative control
(saline) and positive control (theophylline) in group 1 experiments (non incubated preparation contracted by 10 µM
methacholine, n=6).
Conc.
Saline
Extract
Stat. Dif.
Stat. Dif.
Theo.
Stat. Dif.
vs Saline
vs Theo.
vs Saline
0.15
13.54±3.38
P<0.01
P<0.01
32.59±6.35
P<0.01
0.30
30.16±7.05
P<0.01
P<0.01
57.56±6.85
P<0.001
0.45
46.11±7.49
P<0.001
P<0.01
73.59±7.10
P<0.001
0.60
58.97±6.92
P<0.001
P<0.01
87.39±6.22
P<0.001
0.75
72.25±5.38
P<0.001
0.90
1.37±0.62
89.90±3.62
P<0.001
Values are presented as mean±SEM. Stat. Dif. Stat. Dif.: Statistical differences, Theo.: theophylline NS: non-significant difference.
The unit of concentration for extracts was g % and for theophylline was mM.

Table 2. Relaxant effects of aqueous-ethanolic extract of Satureja Hortensis in comparison with negative control
(saline) and positive control (theophylline) in group 2 experiments (non incubated tracheal chains contracted with 60
mM KCl, n=6).
Conc.
Saline
Extract
Stat. Dif.
Stat. Dif.
Theo.
Stat. Dif.
vs Saline
vs Theo.
vs Saline
0.15
3.06±0.48
NS
P<0.05
18.91±1.86
P<0.01
0.30
14.84±6.30
NS
P<0.001
52.36±2.20
P<0.001
0.45
26.21±5.93
P<0.05
P<0.001
70.13±0.78
P<0.001
0.60
36.21±5.93
P<0.01
P<0.001
83.69±1.10
P<0.001
0.75
45.52±8.17
P<0.001
0.90
1.57±0.72
54.70±10.68
P<0.001
For abbreviations see Table 1.

Table 3. Relaxant effects of aqueous-ethanolic extract of Satureja Hortensis in comparison with negative control
(saline) in group 3 experiments (incubated preparations with 1 µM propranolol, 1 µM cholorpheniramine and 1 µM
atropine contracted by 60 mM KCl, n=6).
Concentration
Saline
Etract
Stat. Dif. vs Saline
0.15
0.32±0.32
NS
0.30
2.15±1.40
NS
0.45
6.19±4.47
NS
0.60
10.60±7.02
NS
0.75
3.05±1.79
NS
0.90
1.46±0.69
6.85±4.04
NS
For abbreviations see Table 1.

Table 4. Correlations (r) between the relaxant effects of aqueous-ethanolic extract of Satureja Hortensis and
theophylline and concentration in three groups of experiments.
Group 1
Group 2
Group 3
Different Substances
r
P value
r
P value
r
P value
Aqueous-ethanolic extract
0.783
p<0.001
0.886
p<0.001
0.234
NS
Theophylline
0.800
p<0.001
0.967
p<0.001
--NS: non-significant difference

tracheal relaxationl response (% maximum effect)

40

NS
methacholine induced
contraction (non-incubated)
KCl induced contraction
KCl induced contraction
(incubated)

20

Tracheal(%
relaxational
response
tracheal relaxationl response
maximum
effect)(% maximum effect)

Boskabadi
Boskabadietetalal/ DARU
/ DARU2007
200715(4)
15(4)199-204
199-204

100

NS

(a)

(a)

NS

80
NS
60
40

NS
methacholine induced
contraction (non-incubated)
KCl induced contraction
KCl induced contraction
(incubated)

20
0

0.15

0.30

0.45

0

0.15

0.60

(b)

80

***

70

*

60
50

NS

40

NS

30

10

(b)

Drug concentration

0.45

90

20

0.60

0.30

202

0

NS

**
ns

ns

0.15

0.30

ns

+

+++

0.45

0.60

0.75

Drug concentration

+++
0.90

Drug concentration

90

***
Figure80
1. Concentration response curves of the relaxant
effects for theophylline (a) and aqueous-ethanolic extract (b)
of Satureja Hortensis in three groups of experiments (group 1; methacholine induced contraction on non - incubated
70
tracheal chains ( ), group 2; KCl induced
contraction on non - incubated tracheal chains (ο), and group 3
*
60
experiments;
KCl induced contraction on incubated tracheal chains of guinea pig with atropine, propranolol and
50
chlorpheniramine
(♦, n=6 for each
NS group) Statistical differences in the relaxant effects of different substances
between
40 group 1 compared with those of group 2; NS: non-significant difference, *; p<0.05, **; p<0.01, ***;
NS
p<0.002. Statistical differences
in the relaxant effect of different substances between group 3 with those of groups 1
30
and 2; ns:
non-significant difference, +; p<0.05, ++; p<0.01.
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control and theophylline as positive control were
studied. In group 1 experiment (contracted
tracheal chains by methacholine) extract from
Satureja hortensis and theophylline showed
relatively potent and concentration-dependent
relaxant effects on tracheal chains of guinea pig.
In group 2 experiments (contracted tracheal chains
by KCl), 3 last concentrations of theophylline and
4 higher concentrations of extract showed
significant relaxant effects compared to those of
saline. However, the effects four lower
concentrations of extract were significantly lower
than those of theophylline. In-group 3, the extract
of Satureja hortensis did not show any significant
relaxant effects compared to that of saline. The
effect of theophylline was not examined in group
3 experiments.
The relaxant effects of extract and theophylline
was concentration dependent. There were positive
correlations between increasing concentrations
and the relaxant effects of extract in groups 1 and
2 experiments. The relaxant effects of 3 last
concentrations of extract in group 2 were lower
than those of groups 1. In addition, the effects of
extract in group 1 experiments were comparable
to that of theophylline.
The relaxant effects of the extract from Satureja
hortensis on tracheal chains of guinea pigs might
be produced by different mechanisms including

stimulation of β-adrenergic receptors, inhibition
of histamine H1 receptors or an anticholinergic
property of this plant, because the relaxant effect
of β2-stimulatory (15,16), histamine H1 receptor
inhibitory (17), and anticholinergic drugs (18)
have been shown in previous studies. To evaluate
the contribution of β-adrenergic stimulatory, H1
histamine and muscarinc blocking effect of
extract, the effects of these extracts on tracheal
chains inhibited β-adrenergic, muscarinuc and
histamine H1 receptors by propranolol, atropine
and chlorpheniramine, were re-examined in group
3 experiments. The extract of the plant did not
show any relaxant effect in group 3 experiments.
The relaxant effects of all concentrations of the
extract from Satureja hortensis obtained in the
group 3 experiments were significantly lower than
those of group 2. These findings suggest probable
ß-adrenergic stimulatory, muscarinic and/or
histamine H1 blocking properties of the plant
extract that may contribute to their relaxant effect
on tracheal chins of guinea pig.
While KCl affects calcium channels (19) and
becuse calcium channel blockers have
bronchodilatory effect (20, 21), the relaxant effect
of extract from Satureja hortensis in group 2
experiments may be due to blocking effects of the
calcium channels. Another explanation for these
findings is an opening effect of the extract on
potassium channels (22). The weak relaxant
effects of extract on tracheal chains contracted by
KCl and high relaxant effect on tracheal chain
contracted by metacholine may support opening
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of potassium channels.
Since the plant showed a potent relaxant effect on
methacholine induced contraction which was
completely blocked in tissues incubated with
atropine and chorpheniramine, the most possible
mechanisms of the relaxant effect of Satureja
hortensis might be due to its inhibitory effects on
muscarinct receptors. Howevere, the inhibitory
effect of the plant on histamine (H1) receptors and
its stimulatory effect on β-adrenoceptors can not
ruled out with these results and shoud be reexamined in further studies.
The results of this study confirmed those of
Shipochliev (10) and Hajhashemi et al (11)
indicating relaxant effects of this plant on smooth

203

muscles. Our previous study (23) showed a potent
relaxant effect on tracheal chains for carvacol,
which is one of the constituents of Satureja
hortensis. Therefore, the carvacol content of the
plant may be responsible for its relaxant effects on
tracheal chains. The relaxant effect of the plant is
not due to thymol as the plant main constituent,
because another study failed to show any relaxant
effect for thymol on tracheal chains of guinea pig
(24).
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